The normotensive unanesthetized dog receiving chlorisondamine chloride, pentapyrrolidinium, or liexamethonium exhibits a drop in systolic blood pressure, narrowing of pulse pi-essure, tachycardia and relaxation of nictitating membranes. The relative potencies of these compounds are in the ratio 8:3:1 respectively. While these compounds are apparently equally well absorbed, the activity of chlorisondamine chloride is markedly prolonged. This prolonged activity of chlorisondamine chloride after oral administration is probably due, in large part, to its persistence in the tissues. Chlorisondamine chloride and liexamethonium can suppress the pressor response induced in neurogenic hypertensive dogs by application of annoying stimuli.
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S INCE the introduction of ganglionic
blocking agents in the treatment of hypertension much work has been done to develop ganglionic blocking compounds having increased potency coupled with long duration of action. As a result of this effort, tetraethylammonium 1 has been followed by such compounds as hexamethonium, 2 azamethonium, 1 and, more recently, pentapyrrolidinium. 4 These symmetrical type compounds are generally considered to block each division of the autonomic nervous system equally.
More recently we 6 have reported on the pharmacological properties of a new, highly active ganglioplegic agent, chlorisondamine chloride.* As pointed out, the structure of this compound differs from the previous methonium type compounds by the possession of an asymmetric configuration at either end of the methylene chain, by halogenation of the aromatic heterocyclic substituent, and by a shortening of the methylene chain between the quaternary nitrogens. Pharmacologically, these changes have resulted in markedly increased potency and duration of autonomic ganglionic blockade.
The present communication deals with the effects of the administration of chlorisondaFrom the Research Department, Ciba Pharmaceutical Products, Inc. Summit, N. J.
Received for publication January 30, 1956. * Ecolid, a trado-mark of Ciba Pharmaceutical Products, Inc. mine chloride to unanesthetized dogs in both acute and chronic experiments, and with the possibilities of differential blockade in various parts of the autonomic nervous system.
METHODS
Eleven unanesthetized dogs of both sexes were employed in this study, together with 10 dogs anesthetized with 30 mg./Kg. of pentobarbital intraperitoneally. The unanesthetized dogs were selected for docility and were trained to lie in the supine position and to accept calmty femoral arterial puncture with a 22 gauge needle. On the day of an experiment food was withheld.
Drugs were administered intravenously via the cephalic vein of the foreleg and orally in gelatin capsules.
Blood pressures were recorded with the Sauborn electromanometer and polyviso recorder. The apparatus employed for puncture is our modification of a mean-pressure recording instrument originally devised by Dameshek and Loman 6 for human studies. Clotting was prevented by a very slow, non-interfering back drip from a saline bottle. Carotid pressure of the anesthetized dogs was recorded with an Anderson glass membrane manometer. 7 The method of Chen and associates, 8 was employed to determine relative activity of acutely administered chlorisondamine chloride upon sympathetic and parasympathetic ganglia.
RESULTS

Effect of chlorisondamine chloride on the arterial blood pressure of unanesthaized dogs.
In 3 animals tested, 2 mg./Kg. orally produced, within two hours, a 25 to 40 mm. Hg depression of systolic pressure which lasted from 5 + to 24+ hours. No depression of diastolic pressure occurred, while heart rates increased by 80 to 90 beats per minute. As previously reported by us, 6 this oral dose generally produced maximal relaxation of the nictitating membrane in dogs.
Intravenous administration of 1 mg./Kg. of chlorisondamine chloride to 3 dogs resulted in responses similar to those seen after oral administration, but, as would be expected, the onset was more rapid, occurring within one minute. At 24 hours systolic pressure was still reduced 15 to 30 mm. Hg, but nictitating membranes had returned to normal. At 29 hours blood pressure recovery was complete.
Comparative activity of cMori&ondamine chloride, pentapyrrolidinium arid hexamethonium on the nictitating membrane and arterial blood pressure. We have noticed considerable variation among animals in the dose of ganglionic blocking agent required to produce comparable relaxation of the nictitating membranes. Preparatory to a critical comparison of the hypotensive action of ganglionic blocking agents in the unanesthetized dog, it was decided to establish precisely in 3 dogs the oral doses of these drugs which were just sufficient to give maximal relaxation of the membrane. The complete dose-response relationship from slight to full relaxation was determined for each compound being studied. Table 1A is a summary of the minimum doses required in these three animals for complete relaxation following oral administration of each blocking agent. As can be seen, on either a microgram or molar basis, in each of the three animals, potency and duration of action were in the following order: chlorisondamine chloride > pentapyrrolidinium > hexamethonium. Dog no. 9 was selected for blood pressure studies because of adaptability to training for the procedure of femoral puncture. This dog was given the previously established equirelaxant dose of each drug. Four mg./Kg. of pentapyrrolidinium and 15 mg./Kg. of hexamethonium caused their greatest depression of systolic peaks after two hours, followed by gradual recovery to levels which approached control at the end of six hours. These compounds did not lower diastolic pressures but did elevate heart rates by 55 to 80 beats per minute. Systolic pressures the next morning were at control levels. Chlorisondamine chloride, however, in a dose of 1.5 mg./Kg., permitted only slight recovery at the end of 24 hours. Recovery was not complete until 29 hours after drag administration.
Intravenous activity. The same 3 animals in which the minimum oral doses for total nicti- for total relaxation with each drug are compared, it is observed that there is no marked or consistent trend. The ratios, in the order: chlorisondamine chloride, pentapyrrolidinium, hexamethonium; are, for clog no. 7: 20, 8, 16; for dog no. 8: 13, 12, 15; and for dog no. 9: 7, 7, 15. Thus, under the conditions of this experiment, there seems to be no evidence for a distinct difference in absorption of any one of these diquaternary compounds. The more prolonged activity of chlorisondamine chloride after oral administration must, therefore, be due not to differences in absorption, but to persistence of that fraction of chlorisondamine chloride which is absorbed.
AnLihypertensive effect of iiexamethonium and chlorisondamine chloride. Three dogs which had been subjected to bilateral carotid sinus resection and excision of the aortic depressor nen'es were used in this study. Marked pressor responses are easily induced in these animals by applying annoying stimulation. Rapid motion of the head for approximately 10 to 20 seconds will suffice to promptly elevate both systolic and diastolic arterial pressure by 150 to 200 mm. Hg with peak pressures reaching levels between 300 and 375 mm. Hg ( fig. 1) .
Hexamethonium and chlorisondamine chloride were tested for their ability to antagonize these pressor responses. Following administration of drugs, stimulation periods were always extended to twice the control length if the pressor responses were not forthcoming. 1.0 mg./Kg. of hexamethonium was effective in markedly suppressing pressor responses in all 3 dogs within fifteen minutes; however, by two hours the pressor response had returned to control proportions. Three hundred /ig./Kg. of chlorisondamine chloride was also effective in markedly reducing the pressor response in all 3 dogs at the end of fifteen minutes. The response was more protracted than after hexamethonium and marked antagonism was still in evidence in all 3 animals at the end of six hours. By 24 hours the pressor response had returned to control dimensions ( fig. 1 ).
Chronic administration of chlorisondaminc chloride to the unanesthetized dog. A series of 8 dogs was given chlorisondamine chloride daily over a period of several months and observations were made on the femoral arterial blood pressure, heart rate, nictitating membrane relaxation and pupillary reactions.
After a marked response of each dog to a single dose (2 mg./Kg.) of chlorisondamine chloride had been demonstrated, the dogs were placed on four chronic dose schedules: 0.7 mg./Kg. three times per day: 2 dogs received this regimen. Dog no. 1 showed no activity and did not respond to a subsequent dose of 2 mg./Kg. Six mg./Kg. were required to produce full activity, except that no tachycardia occurred. Dog no. 2 exhibited moderate activity at this dose and after one month's chronic study, exhibited full responsiveness to a subsequent 2 mg./Kg. dose, except for absence of tachycardia.
1.0 mg./Kg. two times per day: this dog exhibited full activity, except for the loss of the tachycardia response, after one month of drug administration. 2.0 mg./Kg., once a day: resulted in constant full activity with no loss of tachycardia response.
20 ing./Kg., once a day: 2 of 4 dogs on this dose exhibited heart rates of 124 to 164 in the mornings which slowed to 100 to 108 in the afternoon. Two dogs showed heart rates of 92 to 112 during the day. (DMPP) in anesthetized dogs. The doses suppressing the blood pressure and bladder responses by 50 per cent (SDHI) for 10 animals are given in table 2. While there is considerable variation among animals in the absolute dose/Kg, required for SD6o, the ratios of Bladder SD W (Parasympathetic) Blood Pressure SDM> (Sympathetic) for 70 per cent (7 out of 10) of the animals fall between 0.6 and 1.2, with the ratio for the other 3 lying between 2.4 and 3.1. For the group of animals there is no statistically significant difference between the doses required for blockade of equal degree at bladder ganglia and at sympathetic ganglia.
Relative effectiveness of chlorisondamine chloride as an antagonist to contraction of the urinary bladder ami pressor effect indiiced by 1,1-dimethyl-4-plienylpiperazinnim iodide
DISCUSSION
In normotensive unanesthetized dogs, acute administration of doses of ganglionic blocking agents which give substantial systolic and diastolic drops in anesthetized dogs, produce systolic reduction, marked tachycardia but little or no decrease in diastolic pressure. Apparently cardiovascular compensatory mechanisms are markedly dampened by barbiturates.
Crumpton and associates' suggest that reduced cardiac output is the cause of the blood pressure reduction caused by hexamethonium, but could not comment on whether this reduction was secondary to decreased venous return. Since we 6 were unable to demonstrate any direct effect of chlorisondamine chloride on the isolated heart of the cat or dog, we favored the latter possibility. Chlorisondamine chloride can block the depressor response invoked by peripheral vagal stimulation, and subsequent deblocking of the ganglia with neostigmine is then followed by the normal depressor response to peripheral vagal stimulation, 10 therefore it is not improbable that the tachycardia following chlorisondamine chloride is due to the reduction of the normally high vagal tone governing the heart rate of the dog.
Chronic administration of chlorisondamine chloride can result in: (1) with low dosage, a state of insensitivity so that a larger than normal quantity of this compound is then required to elicit responses; (2) a continued responsiveness with optimum amounts of the drug, with the exception that the tachycardia response is generally lost. Although the results obtained with the acute test of Chen and associates, 8 show no statistically significant difference between sympathetic and parasym pathetic blocking effects of chlorisondamine chloride, it is not inconceivable that the loss of the tachycardia response during chronic administration of this compound is a reflection of a return of vagal control to the heart. It is also clear that intravenous doses of 1.0 mg./Kg. of chlorisondamine chloride produced more prolonged effects on the blood pressure than on the nictitating membrane. Furthermore, Plummer and associates 11 report that doses of chlorisondamine chloride producing marked hypotension in the dog, increase rather than decrease the motility of the descending colon, and Crimson 10 ' li and
Winsor" report that constipation, which is commonly seen in clinical ganglionic blockade, is not a difficult problem in chlorisondamine chloride treated patients. The writers feel that the evidence presented here, though inconclusive, when coupled with data of other authors, suggests that a varied responsiveness of ganglia to chlorisondamine chloride may exist.
SUMMAHY
The trained, normotensive unanesthetized dog responds to administration of ganglionic blocking agents by exhibiting a drop in systolic pressure, narrowing of pulse pressure, marked tachycardia and relaxation of nictitating membranes.
Chlorisondamine chloride can suppress the pressor responses induced in neurogenic hypertensive dogs by application of annoying stimuli.
A study of the minimal doses required for total relaxation of the nictitating membrane following oral and intravenous administration of chlorisondamine chloride, indicate that its more prolonged oral activity as compared to hexamethonium and pentapyrrolidinium, is most likely due to its persistence in the tissues and is not dependent upon its being better absorbed than these compounds.
Administration of equipotent oral doses of chlorisondamine chloride, pentapyrrolidinium and hexamethonium to the same unanesthetized dog resulted in comparable systolic pressure falls lasting approximately 24, 6 and 6 hours respectively.
Chronic administration of chlorisondamine chloride to dogs can result in (1) relative insensitivity of the animal to the drug with subeffective dosage and (2) constant responsiveness except for loss of tachycardia with fully active doses.
There was no statistically significant difference in a group of 10 animals given chlorisondamine chloride intravenously between the mean doses required to depress by one-half the blood pressure responses and urinary bladder contractions induced by DMPP.
SUMMARIO IX IXTERLINGUA Le trainate, normotensive, non-anesthesiate can responde al administration de agentes de blocage ganglionic per un reduction del pression systolic, un restriction del pression pulsar, marcate tachycardia, e un relaxation del membranas nictitante.
Chlorido de chlorisondamina pote supprimer le responsas pressorial inducite in canes con hypertension neurogene per le application de stimulos enoiante.
Un studio del doses minimal requirite pro le relaxation total del membrana nictitante per administrationes oral e intravenose de chlorido de chlorisondamina indica que le plus prol ongate activitate del droga post administrationes oral in comparation con hexamethonium e pentapyrrolidinium es probabilissimemente le effecto de su persistentia in le histos e non de su melior absorption.
Le administration de equipotente doses oral de chlorido de chlorisondamina, pentapyrrolidinium, e hexamethonium al mesme nonanesthesiate can resultava in comparabile reductiones del pression systolic que durava approximativemente 24, 6, e 6 horas, respectivemente.
Le administration chronic de chlorido de chlorisondamina a canes pote resultar in (1) relative insensibilitate del animal al droga in doses subefficace e (2) constante responsivitate, a parte le perdita de tachycardia post doses de plen activitate.
In un gruppo de 10 animates recipiente administrationes intravenose de chlorido de chlorisondamina, nulle statisticamente significative differentia esseva constatate inter le doses median requirite pro deprimer per 50 pro cento (1) le responsas de pression sanguinee e (2) le contractiones del vesica urinari inducite per DMPP.
